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@ A rotor for rotary electrical machinery. 

@ A rotor for rotary electrical machinery has a 
permanent-magnet member (1) made of a mixt- 
ure having ferronnagnetic material powder and 
a binder resin as chief ingredients, mounted on 
a shaft (3). A recess (5) whose projected contour 
on a plane perpendicular to the axial tine of the 
permanent-magnet member (1) is of a non- 
drcular shape, is formed in at least an end face 
of the penmanent-magnet member (1). The shaft 
(3) Is press-fit Into a metallic bush (7) fitted to 
the recess (5), thereby ensuring high coaxlality 
between the permanent-magnet member (1) 
and the shaft (3), easy assembly and low man- 
ufacturing cost 
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This invention relates to rotors for rotary electrical 
machinery, including stepping motors. It particularly 
relates to such rotors using as a constituent element 
a so-called bonded magnet made of a mixture conrv 
prising ferromagnetic material powder and a binder 
resin therefor. 

Known prior rotor constructions of the above type 
are formed integrally with the bonded magnet mould- 
ed around a shaft in a single exercise. While this is 
an efficient method, there are significant difficulties 
in ensuring that the shaft is properly aligned within 
the magnet member. The present invention address- 
es these problems: 

As with the prior art, in a rotor of the present in- 
vention a permanent-magnet member comprising a 
mixture of ferromagnetic material powder and a bind- 
er is mounted on a shaft. However, according to the 
invention a recess whose projected contour on a 
plane perpendicular to the axial line of the member is 
non-circular is formed in at least an end face of the 
member, and the shaft is press-fitted into a metallic 
bush fitted to the recess. Normally, a second recess 
is formed in an opposite end face, either in the body 
of the permanent magnet member or in a central boss 
thereof. A typical permanent-magnet member has 
the form of a cylinder with a central boss which can 
extend from a closed end of the cylinder and/or be 
coupled to the cylinder by radially extending ribs. Us- 
ing these techniques can achieve an excellent degree 
of coaxiality between the permanent-magnet mem- 
ber and the shaft, good workability and low overall 
manufacturing cost. 

An example of the prior art, and some embodi- 
ments of the present invention, will now be described 
with reference to the accompanying drawings where- 
in: 

Figures 1 and 2 are a perspective view and a 
longitudinal sectional viewof a icnown rotor for ro- 
tary electrical machinery; 
Figure 3 is a perspective view of a first embodi- 
ment of the present invention; 
Figure 4 is an exploded perspective view of the 
rotor shown in Figure 3; and 
Figures 5 to 7 are a longitudinal sectional view, 
and opposite end views of a second embodiment 
of the present invention. 
A i^nown construction of rotor for rotary electrical 
machinery using as a constituent element a bonded 
magnet will first be described with reference to Fig- 
ures 1 and 2. A permanent-magnet member 1 com- 
prising a mixture of ferrite powder and a binding resin 
is shaped into the form of a bottomed hollow cylinder. 
It is formed with a boss 2 to which a shaft 3 is con- 
centrically fixed. On the outer circumferential surface 
of the permanent-magnet member 1 are a plurality of 
axially extending magnetic poles (not shown). 

The rotor of Figures 1 and 2 can be efficiently 
formed as an integral construction by injection mould- 



ing. The shaft 3 is placed in a moulding metal die of 
the required shape, into which a mixture of ferrite 
powder and a binder resin is charged to integrally 
mould the shaft 3 in the boss 2. In such a process, a 

5 criss-cross or axially parallel knurling pattern can first 
be provided on the outer periphery of the shaft 3 
where it extends within the boss 2 to establish a key. 
In an alternative, so-called D-cutting (the cross- 
section of the shaft is machined into a D shape) is 

10 performed. Aflat part 4 is provided on part of the out- 
er circumferential surface of the shaft 3, which en- 
sures a firm grip, and prevent the slipping, axial dis- 
placement or detachment of the shaft 3 after mould- 
ing due to the difference in thermal expansion coef- 

15 f icients of the binder resin and the shaft. 

The shaft 3 and the permanent-magnet member 
1 should preferably be perfectly coaxial. Axial mis- 
alignment, if any, should be reduced to the minimum. 
Too large a misalignment results in excessive varia- 

20 tion in the gap between the rotor and the stator in the 
retary machine, leading to the deterioration in perfor- 
mance, it is extremely difficult to completely eliminate 
axial misalignment; that is, to obtain perfect coaxialh 
ty. 

25 To couple the permanent-magnet member 1 and 

the shaft 3 integrally by injection moulding, as descri- 
bed above, the shaft 3 must first be placed in a metal 
mould. In doing so, a gap is needed between a shaft 
insert hole and the shaft 3 in the metal mould. This 

30 gap cannot be eliminated. As a consequence, the 
shaft 3 can shift laterally in the hole, or become in- 
clined relative to the predetermined axial line. Even if 
the shaft 3 is initially in proper alignment with the axial 
line, it can shift therefrom as a compound forming the 

35 permanent-magnet member 1 is injected or poured 
into the mould by the pressure of the compound. 

While the gap between the shaft insert hole and 
the shaft 3 in the mould can be made extremely small 
to minimise or prevent the misalignment or inclination 

40 of the shaft 3, this can render difficult the placement 
of the shaft 3 in the mould, and the extraction of the 
moulded product. This substantially reduces mould- 
ing efficiency. Further, if the specification of the shaft 
3 is changed, the mould must be replaced with a new 

45 one even when the permanent-magnet member 1 is 
the same in shape and size. The result is increased 
mould manufacturing cost, and additional work for 
mould replacement This lowers the ratio of the 
moulding of the rotor proper to the entire moulding 

so work, including tooling, leading to increased cost. The 
aforementioned machining, such as knurling, to pre- 
vent the shaft 3 from slipping, displacement and fall- 
ing, also increases manufacturing costs. The need to 
use soft materials to facilitate this machining inevita- 

55 biy reduces mechanical strength. 

In the first embodiment of the invention shown in 
Figures 3 and 4, recesses 5 are provided coaxially on 
both end faces of the permanent-magnet member 1, 
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which can itsetf be formed by injection moulding. The 
recesses 5 are square In the projected contour on a 
plane orthogonally intersecting the axial line of the 
permanent-magnet member 1. A through-hole 6 
formed coaxially in the permanent-magnet member 1 
has a cross-section diameter slightly larger than that 
of the shaft 3, or one which provides a certain press- 
fit allowance. 

A metallic bush 7 is made of sheet metal, for ex- 
ample, and formed by pressing or punching means 
into a quadrangular, normally square shape In outside 
contour, of a size which matched the recess 5, and 
has a central hole 8. It will be understood that any suit- 
able complementary non-circular shapes can be used 
for the bush and recess, such as rectangular, triangu- 
lar, polygonal, elliptical and other geometric shapes 
provided shifting of the shaft can be prevented. The 
inside diameter of the hole 8 is made slightly smaller 
than the outside diameter of the shaft 3 to provide a 
reliable press-fit so that for example, the resistance 
to detachment of the shaft 3 can be maintained at 
over 20 kgf, for example. The shaft 3 has a substan- 
tially uniform cross-section along Its overall length. 

The rotor of Figures 3 and 4 is assembled by 
press-fitting the metallic bushes 7 into the recesses 
5 on both end faces of the permanent-magnet mem- 
ber 1 , and then press-fitting the shaft 3 simultaneous- 
ly Into the bushes 7 and the hole 8. Since the metallic 
bushes 7 are shaped to match the recesses 5, co- 
axiality between the permanent-magnet member 1 
and the hole 8 can be substantially assured. As the 
assembly also substantially locks the shaft 3 to the 
magnet member 1, the slipping, axial misalignment or 
detachment of the shaft 3 is effectively inhibited. 

In the embodiment of the Invention shown in Fig- 
ures 5 to 7, the permanent-magnet member 1 is 
formed onto a bottomed hollow cylinder and has ribs 
therein. The construction of this embodiment is the 
same as the embodiment shown In Figures 3 and 4, 
except that the recesses 5 are provided on the bottom 
end face of the permanent-magnet member 1 and on 
the end face of the boss 2. Consequently, the method 
of assembly, the maintenance of coaxiality between 
the permanent-magnet member 1 and the shaft 3. 
and the prevention of the slipping, axial misalignment 
or detachment of the shaft 3 are also the same. 

The above description has referred to the use of 
ferrite powders as the most commonly used materials 
for the permanent-magnet material. Needless to say, 
known ferromagnetic materials other than ferrite, 
such as SM-Co or Nd-Fe-B and other rare-earth 
magnet materials having excellent magnetic proper- 
ties may also be used. Any suitable resin material, 
such as nylon, may be used as the binder. Although 
injection moulding has been described for the crea- 
tion of the magnet member 1, other moulding techni- 
ques may be used. The Invention may also be applied 
to anisotropic bonded magnets manufactured In a 



magnetic field. 

The present invention offers the following specif- 
ic benefits: 

(1) Since the permanent-magnet member can be 
5 moulded separately with the recess or recesses, 

moulding efficiency can be increased and the co- 
axiality of the permanent-magnet member with 
respect to the shaft can be substantially inn- 
proved. 

10 (2) Metal moulds for the magnet member need 

not be changed even for different lengths of 
shaft. This can substantially Improve productivity 
particularly in production runs in which small 
quantities of a wide variety of products are man- 

15 ufactured. 

(3) The shaft can be formed with a uniform cross- 
section, and the knurling or D-cutting of the shaft 
as practiced in the prior art is no longer required. 
This leads to reduced machining cost. 

20 (4) Since no additional machining of the shaft is 

needed, the material of the shaft can be selected 
fireely, and even high-strength materials can be 
used. 

(5) The shaft can be fitted to the permanent-mag- 
25 net member by press-fitting into the non-circular 

metallic bush. The slipping, axial displacement or 
detachment of the shaft can be substantially pre- 
vented. 

30 

Claims 

1. A rotor for rotary electrical machinery In which a 
permanent-magnet member (1) comprising a 

35 mixture of ferromagnetic material powder and a 

binder Is mounted on a shaft (3) CHARACTER- 
ISED IN THAT a recess (5) whose projected con- 
tour on a plane perpendicular to the axial line of 
the member (1) Is non-circular is formed In at 

40 least an end face of the member (1), and the shaft 

(3) is press-fitted into a metallic bush (7) fitted to 
the recess (5). 

2. A rotor according to Claim 1 wherein the perma- 
45 nent-magnet member (1 ) has a substantially col- 
umnar shape. 

3. A rotor according to Claim 1 wherein the perma- 
nent-magnet member (1) is formed into a hollow 

50 cylinder with a central boss (2) coupled thereto by 

a plurality of radially extending ribs (9). 

4. A rotor according to any preceding Claim wherein 
the permanent-magnet member (1) is formed 

55 into a hollow cylinder with a closed end and a cen- 

tral boss (2) projecting therefrom within the cylin- 
der. 
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5. A rotor according to Claim 3 or Claim 4 wherein a 
said recess is formed at both axial ends of the 
t>oss. 

6. A rotor according to any preceding Claim wherein 5 
said projected contour of the recess (5) is sub- 
stantially quadrangular. 
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